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eyesThere is a general problem in naming the axes and planes of
vertebrate eyes. The problem arises from the fact that both the
position of the head relative to the body and the position of eyes
relative to the head show great variability in vertebrates. Thus
the standard vertebrate axes (dorso-ventral, antero-posterior, and
left–right or medio-lateral) and orthogonal planes (saggital, coro-
nal or frontal, and transverse, axial or cross sectional) cannot
unambiguously be applied simultaneously to the lateral eyes of
ﬁshes with a horizontal body axis, the lateral eyes of chickens with
a vertical body axis and those of a frontal eyed primate.
One might think that such problems had been solved by the
comparative anatomists; however this does not appear to be so.
In the 5th edition of Nomina Anatomica Veterinaria (Anonymous,
2005) of the six planes and axes, only the transversalis plane is de-
ﬁned for a body part as ‘‘. . .a plane perpendicular to the long axis of
a body or part.” Because the longest axis of an eye may be either
parallel or perpendicular to the plane of a pupil, even this single
deﬁnition is not helpful. The situation is not much better in the
special terminology of birds. In Nomina Anatomica Avium in the
bird eye, of all its planes and axes only the axis bulbi is deﬁned
for the eye (Evans, 1979; Evans & Martin, 1993) as ‘‘A line passing
through the central point[s] of the cornea and the lens which thus
passes from the anterior to the posterior pole of the bulbus oculi.”
Perhaps because English, and not Latin, has become the lingua
franca of science, most writers on the anatomy of the eye in the last
hundred years have used English terms to deﬁne the planes and
axes of the eye. For the human eye Oyster (1999) has deﬁned the
planes of the eye as the ‘‘horizontal”, ‘‘saggital”, and ‘‘coronal”
(where the vertical saggital plane divides the eye in more or less
symmetrical halves), and the axes that are perpendicular to these
planes, respectively as ‘‘Superior-inferior”, ‘‘Nasal-temporal” and
‘‘Antero-posterior”.
The famous comparative anatomists of the eye, Walls (1967),
Polyak (1957) and Rochon-Duvigneaud (1943) have used ‘‘horizon-
tal section” or ‘‘vertical section”, or their French equivalents, when
describing an entire vertebrate eye. ‘‘Horizontal section” is always
unambiguous due to the universal orientation of eye, and so is the
designation ‘‘vertical section”, due to the asymmetry of the eye.
However, we may note that the designation ‘‘vertical section” ap-
plied to a portion of the eye, for example an histological section
of peripheral retina, would be ambiguous due to its symmetry
about a vertical axis.
Thus one solution to the nomenclature of non-primate verte-
brate eyes, and we advocate it here, has been to make the tacit
assumption that their axes and planes may be named as if they
occupied a position in space corresponding to the orientation of the
frontal human eye, despite the fact that the eye may be a lateral
one. This has doubtless been prompted by the prior anatomical
descriptions of the human eye and the associated nomenclature.
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understanding that they have been shifted laterally to ﬁt into the
eye, and that the planes and axes intersect in the nominal geomet-
ric center of the eye. Thus the antero-posterior axis of all eyes can
be understood to be that passing from the apex of cornea to the
back of the eye, deﬁning an axis of approximate radial symmetry,
the ‘‘optic axis”. This fastening of the axes to the eye itself, rather
than to the body has the advantage that the ‘‘anterior chamber”
designates the homologous part of all vertebrate eyes, despite
the orientation of the eyes in the head.
The further development of this scheme has shown a plethora
of designations for axes and planes, due to the many synonyms
current in the anatomic literature. Thus the horizontal plane of
the eye may be called the ‘‘transverse”, ‘‘axial”, or ‘‘cross-sectional”
plane. We prefer ‘‘horizontal plane”, because, as noted above, the
term ‘‘horizontal section” is in wide use in the anatomical litera-
ture of the eye. Likewise names for the vertical axis of the eye could
be the ‘‘superior-inferior”, ‘‘rostro-caudal”, ‘‘cranio-caudal” or
‘‘cephalo-caudal” axis. Again we prefer the term ‘‘vertical axis” be-
cause the term ‘‘vertical section” is likewise embedded in the liter-
ature. The axis in the horizontal plane that is perpendicular to the
antero-posterior axis, and bisects the line segment of that axis ly-
ing within the eye, could be designated the ‘‘medio-lateral”, ‘‘left-
right”, ‘‘sinistro-dexter” or ‘‘or naso-temporal” axis. We believe
that, given the various degrees of frontality or laterality of eyes,
‘‘naso-temporal” is the best descriptor of the axis, with the excep-
tion of the ﬂat-ﬁsh where ‘‘left-right” axis is better. Here, ‘‘left” re-
fers to that eye and that direction in the ﬁsh in its typical posture
that corresponds to that of the human eyes.
There remain two planes to be named: that plane containing
the naso-temporal and vertical axes could be designated the ‘‘coro-
nal” or ‘‘frontal” plane. Due to the common use of the term ‘‘frontal
view”, we believe that ‘‘frontal plane” will most easily be under-
stood. Lastly, that vertical plane that divides the eye into two more
or less symmetrical parts is the ‘‘lateral” or ‘‘saggital” plane, and
we, somewhat arbitrarily, chose ‘‘saggital”.
These recommendations are embodied in the following Table 1
and Fig. 1.
It is a common practice to measure the various diameters of the
globe of the Eye (Brooke, Hanley, & Laughlin, 1999; Glickstein &
Millodot, 1970; Rolls & Cowey, 1970), and ambiguity about which
diameter was measured may be removed by noting along which
(or parallel to which) axis the measurement was made.
When very precise coordinates within the eye are needed, it
may be desirable to make ad hoc deﬁnitions for particular eyes to
locate the horizontal plane with respect to identiﬁable anatomic
landmarks. For example, one may state that, by deﬁnition, the line
of sight (that axis that passes through the centers of the pupil and
the fovea (Millodot & Laby, 2002) lies in the horizontal plane, and
that the center of the optic disc is so many degrees above or below
this plane, while the antero-posterior axis makes a speciﬁed angle
with the visual axis. Speciﬁc locations in the eye can be designated
in spherical or rectangular coordinates.
Table 1
Planes and axes of the vertebrate eye
Recommended names Synonyms
Planes
Horizontal Transverse, axial, cross-sectional
Frontal Coronal
Saggital Lateral
Recommended
names
Synonyms Planes in
which axes lie
Axes
Vertical Superior–inferior Rostro-caudal, Cranio-
caudal, Cephalo-caudal
Frontal,
Saggital
Anterio-
posterior
Optic Horizontal,
Saggital
Naso-temporal Medio-lateral, Left–right, Sinistro-dexter Horizontal,
Frontal
Fig. 1. Recommended names of the planes and axes of vertebrate eyes.
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axes locked to the human eye about which it may turn. Our axes
are also ﬁxed to points on the eye, but differ from theirs in that
their axis in the horizontal plane corresponding to our antero-pos-
terior axis passes through the fovea and is the line of sight. More-
over, the origin of these rotational axis systems, rather than being
located at the mid point between the poles of the eye is a bit closer
to the sclera than the apex of the cornea (10 vs 13.6 mm; Helm-holtz, 1962, v III, p. 38). An excellent description of these coordi-
nate systems and their use is given by T. Halswanter (1995).
In summary, we have proposed a preferred nomenclature for
the axes and planes of all vertebrate eyes, where these planes
and axes are centered in and bear a constant relationship to the
eye itself, and not to the body. The scheme makes use of many sep-
arate conventions that have been inherent in the ocular literature,
but, to our knowledge have never been explicitly or completely
formulated.References
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